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USS LEAD REFINERY, INC.
EAST CHICAGO, INDIANA

DRAFT CHARACTERIZATION OF METALS IN SOIL IN THE VICINITY OF THE 
USS LEAD SITE, EAST CHICAGO, INDIANA

1.0 INTRODUCTION

The purpose of this report is to present analytical results for samples collected on- and off-site of
the USS Lead Refinery (USS Lead) Site, a former lead smelting and refining operation, in East
Chicago, Indiana.  On-site samples were collected from undisturbed areas in an attempt to
understand characteristics of contamination associated with the USS Lead site.  Off-site samples
were collected from areas that were not visibly disturbed in order to understand the
concentrations and characteristics of lead and other metals.  

Analytical results from the collected samples were evaluated to ascertain whether airborne
contamination related to the USS Lead facility that warrants further investigation is present
within the study area.  The analytical results from off-site areas was compared to analytical
results from the USS Lead site to determine whether there is presence of USS Lead
contamination in the off-site areas.

TechLaw, Inc. received technical direction from the U.S. EPA Region 5, on May 9, 2002 to
conduct split sampling and provide analytical assistance in support of the Modified RCRA
Facility Investigation (MRFI) activities at the USS Lead site.  Chemical analysis of samples was
conducted by a TechLaw Team laboratory, American Analytical Testing Services (AATS) using
inductively coupled plasma/mass spectrometry (ICP/MS) methods.  Electron microprobe analysis
(EMPA) was conducted by the Laboratory for Environmental and Geological Studies (LEGS) at
the University of Colorado in Boulder.  This report describes the sample collection, preparation,
presents the results of the analysis and provides an evaluation of the results.

2.0 SITE DESCRIPTION AND HISTORY

The USS Lead site is located in East Chicago, Lake County, Indiana (Figure 2-1).  The area of
the site is approximately 79 acres.  A 14 acre Corrective Action Management Unit (CAMU) and
other disturbed areas occupy approximately 25 acres of the site.  The CAMU is present in the
eastern portion of an upland area of the site.  The CAMU represents an artificial rise in
topography (i.e., a relatively expansive mound) and is currently covered with a 3-foot deep,
native sand cover and an engineered cap.  The cover has been planted with native vegetation. 
The CAMU is adjacent to a developed roadway to the east (Kennedy Avenue), an open water
body (created during excavation of the former slag pile) immediately to the south, and low-lying
wetland areas to the south and southwest.  Upland areas occur to the north, and a combined
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upland and remnant dune swale habitat occurs immediately to the west and northwest. 

The USS Lead site lies in the Calumet Lacustrine Plain.  The Calumet Lacustrine Plain is
characterized by a flat to gently undulating surface that slopes gently to Lake Michigan (USGS,
2001).  The sands that are common in the upper portion of the Calumet Lacustrine Plain are
dune, beach, and lacustrine sediments that may contain thin, discontinuous layers of muck, peat,
and organic material.  Site specific geology has been characterized in the Draft Final MRFI
Report (USS Lead, 2004) and other site documents.  Borings at the USS Lead site indicate that
sand is present from ground surface to a depth of 25 feet.  The sands are underlain by a clay-rich
unit described as the Wadsworth Till.  Generally there are three soil types present in the vicinity
of the USS Lead Site: UR (Urban Land), CA (Carlisle Muck [for example, wetland areas in
southwest portion of the site]), and OkB (Oakville-Tawas complex [for example, upland areas in
western portion of the site]).  

USS Lead was a former secondary lead smelter and reprocessor of lead-acid batteries.  The
facility was a generator and owner/operator of a treatment and storage facility and disposed of
hazardous wastes (EPA, 1993).  From approximately 1906 to 1920 copper smelting operations
took place at the site.  From 1920 to approximately 1973 USS Lead conducted primary lead
smelting operations including lead refining to produce high quality lead which was free of
bismuth.  It was noted that the treatment of bismuth dross yielded metals containing gold, silver,
and metals of the platinum group.  In 1973 USS Lead converted their operations to secondary
lead smelting.  The secondary refinery operations included: battery breaking with tank treatment
of spent battery acid at a rate of 16,000 gallons per day; sulfuric acid treatment with storage of
calcium sulfate sludge in a waste pile and generated at 1.5 tons per day; baghouse dust collection
with storage in on-site waste piles of up to 8,000 tons of baghouse flue dust; and blast furnace
slag disposal, which was deposited in the wetland adjacent to the facility (EPA, 1993).  The
process area buildings at USS Lead are shown in Figure 2-2.  Secondary lead recovery operations
ceased in December 1985.  

Interim Stabilization Measures have been implemented at the site pursuant to the U.S. EPA AOC
dated November 18, 1993 (EPA, 1993), and the facility has been working to complete IDEM
closure requirements as follows:  remove lead slag pile; remove battery chips; remove
contaminated soils above IDEM human health Industrial lead levels; characterize and remove
contaminated sediments within the canal; conduct closure for former hazardous waste
management units; and plug sewer and waterlines from the former process area of the facility. 
Contaminated materials were placed in the onsite CAMU.  The CAMU has been covered with an
engineered cap and the facility has been pumping groundwater out of the CAMU in attempt to
achieve an inward hydraulic gradient.

Clean up at the site has been conducted as a series of removals.  While removals were conducted
in accordance with an approved ISM Work Plan, the removal activities also included many
decisions based on field observations and were not necessarily conducted with EPA or IDEM
oversight.  The current site conditions are described by the facility in the Draft Final Modified
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RCRA Facility Investigation (MRFI) Report (USS Lead, 2004).  

The USS Lead site vicinity has historically supported a variety of industries.  In addition to the
USS Lead smelting operation, some other industrial operations apparently also managed lead. 
For example, immediately east of the USS Lead site, across Kennedy Avenue, is a former
Dupont site which reportedly manufactured the pesticide lead arsenate (Dupont Report, ####). 
Northwest of the USS Lead site, west of Gladiola Street and north of 151st Street, two smelter
operations reportedly managed lead and other metals (USS Lead, 2004).  A figure from the USS
Lead MRFI Report (Figure 23, Examples of Historic Contamination Sources Proximal to USS
Lead Refinery, USS Lead, 2004) presents data attributed to a 1930 Sanborn Map and identifies
the operations as Anaconda Lead Smelter and International Lead Refining Company.  A figure
prepared by USS Lead is included in this report as Figure 2-1, for reference.  A wind rose
describing the wind conditions in the vicinity of the USS Lead site is presented as Figure 2-2.  

3.0 SAMPLE COLLECTION

The samples considered in this study primarily were collected through two sampling events
which took place in the summer of 2003.  On-site samples, collected from within the USS Lead
property boundaries, were split samples collected by TechLaw on July 9, 2003.  Off-site samples,
collected from residential and other locations not on USS Lead property, were collected by an
EPA field team in July and August 2003.  

A third set of samples also will be discussed in this report.  These samples were collected from
USS Lead, Kennedy Avenue right-of-way, and Dupont property by TechLaw during a field event
in 2002.  Each of these field events is described in this section.

3.1 On-Site Samples

TechLaw conducted field oversight and split sampling activities at the USS Lead Site during
Modified RCRA Facility Investigation (MRFI) field activities on July 8 and 9, 2003.  TechLaw
observed sampling activities at 24 locations on-site.  On July 9, 2003, Ms. Amie Motsinger of
TechLaw collected split soil samples at 14 of these locations.  Soil sampling activities were
conducted in accordance with TechLaw �s approved Surface Soil Sampling and Analysis Plan,
dated July 8, 2003, and TechLaw �s approved EPA Region 5 Generic Quality Assurance Program
Plan (QAPP).  Sample collection included the collection of all appropriate quality control (QC)
samples.  

The on-site samples analyzed for this study were collected from the zero- to six- inch interval. 
All samples were collected by USS Lead representatives in accordance with the Revised MRFI
Work Plan Addendum, Revision 2, dated May 30, 2003 (USS Lead, 2003).  The samples were
collected using a stainless steel spoon and bowl.  The samples were homogenized and the sample
containers for USS Lead and TechLaw were filled.  Multiple sample containers were filled for
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TechLaw to allow split samples to be sent to multiple locations for analysis.  The holes were
filled in after sample collection.  The split samples were maintained within TechLaw �s custody at
all times until they were shipped to the laboratories.  

Of the 15 samples that were collected, only eight were selected for analysis in this study.  USS
Lead preliminary analytical results from the USS Lead aliquot of the split samples were reviewed
by EPA and TechLaw to assist with the decision regarding which of the 15 samples to analyze. 
The eight samples that were selected for analysis were selected based on metals concentrations
and location.  The samples were shipped to AATS and the Laboratory for Environmental and
Geological Studies at the University of Colorado in Boulder.

3.2 Off-Site Samples

Off-site samples were collected during the period from July 23, 2003 through August 21, 2003. 
These samples were collected in accordance with the Quality Assurance Project Plan, USS Lead
Refinery Inc. and Vicinity (Project QAPP), dated July 2003 (EPA, 2003a) and the USS Lead
Refinery Inc. and Vicinity, East Chicago, Indiana, Sampling and Analysis Plan (Off-site SAP)
dated July 2003 (EPA, 2003b).  The collection and XRF analysis of these samples are described
in the Report on X-ray Fluorescence Field Study of Selected Properties in Vicinity of Former
USS Lead Refinery Facility, East Chicago, Indiana (Off-site Report), dated November 2003
(EPA, 2003c).  The description of the sampling presented here is taken from the Off-site Report. 

As described in the Off-site Report, soil sampling for X-ray fluorescence (XRF) analysis was
completed at 83 locations.  These locations are shown in Figure 3-2.  Of these 83 locations only
20 samples were subjected to laboratory analysis.  As described below, several factors, including
location and XRF results, were considered in the selection of samples to be subjected to
laboratory analysis.  Each of the 83 location was assigned an  � x �  identifier.  The locations which
were selected for laboratory analysis were also assigned an  � s �  identifier in addition to the  � x �
identifier.

All samples were collected by either Michael Mikulka or Mirtha Capiro of U.S. EPA, or Mike
Sickels of IDEM using the procedures identified in the SAP.  Sample locations had not been
identified in the QAPP or SAP since sample collection was dependent upon individual property
owners granting access.  Access was sought prior to or concurrent with each day �s sampling
activities, and property owners granting access usually had their properties sampled the same day
or the following day, with some exceptions.

Soil for screening and sample collection was composited from a residential house yard or public
area (vacant lot, park, ball diamond) using a 5 point composite in accordance with procedures
described in EPA Guidance Document Superfund Lead-Contaminated Residential Sites
Handbook, OSWER 9285.7-50 (Draft) October 2002; or, for industrial property, from a one (1)
square meter area (m2) area.  Typically, soil was scraped from upper 1-2 inches of the target areas
using a pre-cleaned disposable plastic scoop or spoon, then placed in a pre-cleaned disposable
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plastic bowl or other container for homogenization.  If the target area was covered with grass, the
grass was cut away with a knife with a stainless steel blade and pulled back to expose the soil for
sample collection.  At industrial properties, a stainless steel shovel was used as necessary to clear
tall grass from the areas where the composite sample was collected.  Approximately 4 scoops of
soil were obtained from each point in the 5-point composite, for a total of 20 scoops of soil. 
Upon collection of the soil sample, the grass was replaced and tamped down.  The bowl of
sample material was transported back to the processing area, where grass, roots and rocks were
removed manually (or in some cases with a Number 8 mesh stainless steel sieve), and the bowl
labeled and covered with foil.  If the soil was wet, the foil was pulled back and the bowl placed
in the sun to allow the soil to air dry, while mixing periodically to allow drier surface soil to mix
with wetter soil.  Once the soil was sufficiently dry (depending on conditions, up to 4 hours
drying time on some samples), 4-5 scoops of the sample were placed in a re-sealable 1 quart
plastic bag for XRF analysis.  All XRF screening was conducted on a bagged sample, with XRF
instrument readings expressed in parts per million (ppm).  After screening, it was determined by
the Field Project Manager in conjunction with the Project Manager whether to proceed with
sample collection for laboratory analysis based on the screening result.  Initially, the plan was to
collect samples for laboratory analysis from all locations where the Pb XRF screening result
exceeded 400 ppm.  However, based on the first few samples screened (all exceeding 400 ppm
Pb) it was determined that the number of samples sent to the laboratory would far exceed the
initial target and therefore the allotted budget.  Therefore, sample collection was cut back to meet
the minimum requirements of the study based on the SAP (confirmation for at least 10% of
samples screened, and at least 1 per field day) and also provide sufficient information to ascertain
possible Pb sources based on proximity to both USS Lead and other potential industrial sources.  
Sample collection also included field duplicate collections from locations S03 & S07 (samples
D03 & D07), and matrix spike/matrix spike duplicate (MS/MSD) sample collection from
location S07 (sample M07).

Upon completion of sample processing, if soil screening levels for lead exceeded 400 ppm, and
the sample location also met other goals of the project, then sample bottles were prepared from
the sample bowl.  Section 3.2 of the Off-site SAP, Selection of Screening and Sampling
locations, explains the rationale for proceeding with sample collection for consideration for
laboratory analysis.  Upon filling and labeling, the sample bottles were placed in an iced cooler
within the vehicle used for equipment storage and remained within the custody of the processing
personnel. 

Re-sampling was conducted at certain XRF screening locations that were not originally selected
by the FPM for sample collection for laboratory analysis, but were later determined by the PM
(after review of all XRF data) to be appropriate locations for sample collection, mainly to attempt
to confirm the source of the Pb.  Locations X07 and X08 were re-sampled on August 12, 2003,
and location X20 was resampled on August 21, 2003, by Mirtha Capiro of USEPA.  Re-sampling
included 5 point composite sampling and homogenization as per the SAP, but did not include
XRF screening.  As such, the laboratory results from these samples will not be directly
comparable to the XRF results, as they are not from the same sample.  These 3 samples should be
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considered co-located samples to the samples which were screened by the XRF.

The samples were maintained under EPA custody until custody was transferred to TechLaw
immediately prior to TechLaw shipping the samples.  The samples were shipped to AATS and
the Laboratory for Environmental and Geological Studies at the University of Colorado in
Boulder.

3.3 On- and Off-Site Samples Collected in August 2002

On August 15, 2002, TechLaw conducted sampling at six locations in the vicinity of the USS
Site.  The sample locations may be seen on Figure 3-5.  All samples were surface samples
collected from an interval of 0-6 inches below ground surface (bgs) with the exception of sample
SS-02 which was collected from a depth interval of 10-16 inches bgs.  Because only a limited
number of samples were proposed, TechLaw collected material from the specified sampling
interval from three points within a one meter area.  This approach was taken to minimize the
influence of potential variability in the distribution of anthropogenic lead at each location (i.e.,
slag versus native sand contaminated with air-deposited material).

- Sample SS-01 was collected from the northwest face of a paleo-dune immediately west of an
area that had historically been used to store uncontrolled piles of baghouse dust.  The sample was 
dark brown, fine to medium grained sand with some organic material.

- Sample SS-02 was collected at depth from an on-site area to evaluate levels of metals in soils
that were not significantly impacted by anthropogenic activities.  They did not appear to be
disturbed by operations at the site based on site reconnaissance and reviews of historical aerial
photographs.  The surface interval was not considered because of expected impacts from aerial
deposition of lead from the site.  The sample was light brown, fine to medium grained sand with
minor organic material.

- Sample SS-03 was collected from a portion of the wetlands near the former slag pile.  The
presence of a thick (> 1 foot) vegetative mat in the area suggests that the area has not recently
been a fluvial channel.  The sample did not appear to contain mineral material larger than sand-
sized particles suggesting the sample did not contain appreciable amounts of slag.  The sample
was grey, wet, silt and sand with abundant organic material.

- Sample SS-04 (and duplicate sample SS-07) was collected from along Kennedy Avenue,
downwind from the former blast furnace location.  The sample was brown, fine to medium
grained sand with some larger particles (potentially slag).

- Sample SS-05 was collected from a location downwind of the USS Lead site on Dupont
Property.  The location was selected because previous analytical results suggested that elevated
levels of lead were found in the area.  Although TechLaw strived to find a sample location that
could be considered  �native sand potentially impacted by aerial deposition, �  the sample location
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was found to contain abundant slag under a thin layer (< 1 inch) of sand.  The sample could be
characterized as abundant slag with some sand.  The sample location for SS-05 was not selected
based on any unusual site-specific characteristics (i.e., not selected based on vegetative stress,
slag was present across most of this area).

- Sample SS-06 was also collected from a location downwind of the USS Lead site on Dupont
Property.  The location was selected away from the SS-05 area in attempt to characterize a more
generally representative downwind area (i.e., not near the previously identified elevated
concentrations of lead near location SS-05).  The sample was collected from what appeared to be
a sandy area between two medium-sized trees (4 to 5 feet apart, approximately 1 foot diameter
trunks); using the rationale that the trees had been present in the area for a while and the area
might contain more native sand and less slag than the surrounding, open areas.  The sample was
found to be abundant in slag with some sand.

All samples were collected using the same method.  A disposable plastic or steel spoon was used
to clear away leaf litter and debris.  A second disposable plastic or steel spoon was then used to
scoop soil into a plastic bowl.  The soil was then homogenized, quartered, and transferred into
the sample containers (eight-ounce unpreserved glass jars with teflon-lined lids).  Four sample
containers were filled from each sample location.  Large organic material, rock, and slag were
avoided when selecting the sample locations, and these particles were removed from the bowl or
avoided when placing the soils into the sample containers.  The samples were maintained under
TechLaw �s custody during additional sampling activities and immediately placed into a cooler
with ice when the field team returned to the locked vehicles.  The samples were shipped to
Southwest Laboratory in Broken Arrow, Oklahoma (SWOK).  Southwest Laboratory provided
the samples to their partner laboratory, AATS, to conduct the analyses.

4.0 ANALYTICAL METHODS

4.1 On- and Off-Site Samples Collected in 2003

The on-site and off-site samples collected in July and August 2003 were all subjected to similar
analyses.  These analyses are summarized in Table 4-1.  A description of the analyses is
presented here.

4.1.1 Preparation/Sieving

A portion of the samples sent to AATS were dry-sieved through a 150 micron screen.  Following
sieving both a  � fine �  fraction (<150 micron) and a  � residual �  fraction (>150 micron) were
available for analysis.  A  � bulk �  fraction, which was not sieved, was also available for analysis.

Samples sent to LEGS for EMPA analysis were not sieved.  EMPA preparation techniques such
as mixing with epoxy resin, grinding, and polishing are described in the LEGS Lead Speciation
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Lab Report (LEGS, 2003) as well as in the EMPA Standard Operating Procedure available on the
LEGS website at http://www.colorado.edu/geolsci/legs/speciation1.html.  

4.1.2 X-Ray Fluorescence Analysis

X-ray Fluorescence analysis was conducted on the off-site samples by EPA.  The methods are
described in the Off-Site Report (EPA, 2003). 

4.1.3 Quantitative Analysis

The quantitative analysis described in this report was conducted in accordance with EPA SW-
846 Method 6020.  Data was reported for 16 metals including 11 metals recommended for
analysis under Method 6020 (antimony, arsenic, barium, cadmium, chromium, copper, lead,
manganese, nickel, silver, and zinc) as well as calcium, iron, selenium, tin, and zircon.  Contract
Laboratory Program (CLP)-like data packages were presented for these analyses.

4.1.4 Semiquantitative Analysis

Semiquantitative analyses were conducted using ICP/MS techniques similar to those used for the
quantitative analysis.  Data from raw data scans (integrated counts per second for each mass)
were provided to TechLaw without quantification or semiquantification.  Scans were conducted
from the same prepared solutions that were used in the quantitative analysis (including the same
standards, blanks, internal standards, and QC samples).  Integrated counts per second were
provided for every mass for m/z ratio from 5 to 238, but ignoring any masses that would have
caused harm to the instrument (i.e., 12, 14, 16, 18, 28, 32, 40, 80, etc.).  The only additional QC
sample that was run was NIST 981 common lead standard at the beginning and end of the scan
run, at a concentration in the range of the samples. TechLaw received the data in electronic
format and calculated concentrations for all of the masses that were reported.  

The semiquantitative scans provided concentration data for the same elements that were reported
for the quantitative analysis.  In addition, concentrations were derived for other elements for
which standards were run yet the concentrations were not previously determined through the
quantitative analysis.  Lastly, additional concentration data was calculated for elements for which
no standards were run.  

4.1.5 Lead Isotope Analysis

Lead isotope analysis was conducted as part of the semiquantitative analysis.  Integrated counts
per second were requested by TechLaw for each of the four isotopes of lead (i.e., 204, 207, 207,
and 208).  As requested, the NIST 981 lead standard was run at the beginning and end of each
scan run. 

To be discussed: only one integration versus three in 2002.  Also, mass bias correction factor

INTERNAL DRAFT - For Discussion Only



9INTERNAL DRAFT - FOR DISCUSSION ONLY

applied and instrument correction factor applied.  

4.1.6 Electron Microprobe Analysis

The electron microprobe analysis (EMPA) was conducted by Dr. John Drexler at the LEGS
laboratory at the University of Colorado at Boulder.  The Standard Operating Procedure for the
EMPA analysis is available on the LEGS website at
http://www.colorado.edu/geolsci/legs/speciation1.html.  Generally,  � puck �  consisting of resin
and several grams of sample is examined.  Traverses are made across the sample at two different
magnifications (i.e., 40 to 100X and then 300 to 600 X to identify the smallest, 1 to 2 micron
phases).  The operator attempts to count at least 100 particles per sample.  If analysis becomes
too time consuming then the operator spends only eight hours analyzing each sample.  

For each sample, data is provided on the size and phase of each metallic particle that was
included in the point count, frequency of occurrence of all lead-bearing phases, and the
calculated relative mass of lead. 

4.2 Samples Collected in 2002

The six samples that were collected in 2002 were sent to Southwest Laboratories of Oklahoma
(SWOK).  Because of the specific analyses that were requested by TechLaw, the samples were
prepared and analyzed by AATS, similar to the on- and off-site samples.  The samples were dry-
sieved through a 150 micron screen.  Quantitative analysis was conducted in accordance with
EPA SW-846 Method 6020.  In addition, a lead isotope scan was conducted using NIST standard
981.

5.0 RESULTS

5.1 Chemical Data

- Figures # and # present off-site XRF results. 
- Figure # presents historical results collected from the vicinity of the USS Lead site (Note: poor
control of sample interval leads to variations in data)
- Tables # and # present the quantitative and semiquantitative results. 

5.2 Lead Isotope Data

Lead isotope values were calculated from the semiquantitative data.  The values were plotted on
coordinate systems with 208/206 ratios plotted on the Y axis and 207/206 ratios plotted on the X
axis.  These plots are presented as Figures # through #.

5.3 EMPA Results
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The EMPA Report submitted by Dr. John Drexler is provided as Appendix B to this report.  The
point count data is primarily presented as frequency of occurrence (F) for each type of particle
and relative lead mass (R) that may be assigned to each particle.  Data on individual particles is
also presented including the size and phase.

6.0 DISCUSSION

6.1 Chemical Data

TechLaw is continuing to evaluate trends related to the major and minor element chemical data. 
The following will be considered in the Final Report

- Scatter plots of many chemical pairs
- XRF Results presented in the Off-Site Report prepared by EPA (EPA, 2003).  In the northeast
quadrant of the study area (i.e., north of 149th street and east of Kennedy Avenue) the
concentrations of lead in soil were generally lower than other portions of the study area with no
XRF lead results exceeding 400 ppm.
- Trends in other historical sampling results
- The concentrations observed in the off-site samples collected by EPA are generally higher due
to the sampling interval of 0 to 2 inches
- The elevated concentrations of lead in soil on the Dupont property near TechLaw samples SS-
05 and SS-06 appear to be anomalously high relative to other concentrations proceeding away
from the USS Lead site. 

6.2 Lead Isotope Trends

The lead isotope data from the 2002 sampling displayed a wide range along the isotope
distribution line.  The ratios of 208/206 and 207/206 were plotted on a coordinate system.  The
isotope signatures of samples collected from the Dupont site had lower ratios than those samples
collected from the USS Lead site.  The higher ratios observed in the samples collected from the
USS Lead site were more similar to  � common lead �  than the Dupont samples.  The observation
of higher 208/206 and 207/206 ratios in the USS Lead samples is interpreted to be a signature of
the lead from the processing of batteries in the secondary smelting operations at the USS Lead
site (i.e., many sources of lead in the batteries, mixing of these sources through the smelting
process).  

Although this common lead trend in the USS Lead samples, relative to the Dupont Samples, is
not conclusive, it appeared to be bolstered by the observation that there was an observed shift,
along the trend line, in some samples such that the fine fraction signature was closer to common
lead than the bulk fraction.  Generally, shift that are perpendicular to the trend line may be
attributed to random precision factors while shifts along the trend line may result from
differences in the samples.  The common lead shift in the fine fraction appeared to support the
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model that fine material in the study area may have been generated through the smelting process
at USS Lead.  Such material could have been transported by wind and deposited.

TechLaw continues to evaluate the results of the 2003 on- and off-site lead isotope data. 
Generally, the data does not show the range in distribution that was observed in the 2002 data. 
For example, the 207/206 ratio of the 2002 data ranges approximately from 0.77 to 0.86 while
the 207/206 ratio of the 2003 data ranges approximately from 0.82 to 0.845. 

Lead isotope data was plotted for samples S07 and M07.  Because an MS/MSD was requested
for sample M07, the sample was analyzed multiple times in the semiquantitative analysis.  The
spike solutions would be expected to have negligible effects on the isotope data.  The plotted
values for S07, M07, M07L, M07s, M07sd show a wide range in variability spanning
approximately across 50% of the  � cloud �  of data from the 2003 lead isotope data.  The variability
observed within this single sample, along with the limited range along the trend line described
above, appear to limit the conclusions that may be drawn from the 2003 isotope data. 

Almost all of the 2003 lead isotope data plots within the range that was observed for the USS
Lead, rather than Dupont, samples in the 2002 data.  The isotope data from the on-site locations
sampled in 2003 generally plotted closer, along the trend line, to common lead than the isotope
data from the off-site locations sampled in 2003.

6.3 EMPA

The metal bearing phases that were identified by the EMPA analysis include a wide variety of
compounds.  An example of the application of EMPA for assessing the impacts of smelter
emissions on a community is provided in A Study On The Source Of Anomalous Lead and
Arsenic Concentrations in Soils From the El Paso Community - El Paso, Texas, dated June 5,
2003, (El Paso Report) prepared by Dr. John Drexler at the LEGS (Drexler, 2003).  A copy of
this El Paso Report included in this report in Appendix C. In the El Paso Report there is a
discussion of the complexity related to assigning certain phases to certain processes or sources. 
For example, anglesite (PbSO4) may be from lead ore, lead flue dust, or lead-based paint, among
other potential sources.  However, it is useful to evaluate the observed phases in the broader
context of the study.  Factors such as frequency of occurrence and location may help assign a
reasonable context to each phase.  

No attempt was made in this study to apportion each phase detected in off-site samples. 
However, the suite of phases detected in on-site samples was considered along with other
geochemical factors to present the relative lead mass data from the EMPA analysis in an
illustrative manner.  For example, anglesite was a dominant phase identified in the on-site sample
TL-07.  This phase had a frequency of occurrence of almost 30% and it was responsible for more
than 90% of the lead in the sample.  Sample location TL-07 was in the wetland south of the
former slag pile.  It seems reasonable to attribute the anglesite in this sample to USS Lead
smelting operations rather than, for example, lead-based paint.  Each of the phases detected in the
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EMPA analysis has been presented in bar charts in an order designed to illustrate relative lead
mass related to smelting or metallurgical processes, presented to the left portion of the bar charts,
phases related to weathering and soil formation such as iron and manganese hydroxides, and
phases related to  � anthropogenic �  sources such as paint and brass.  

Although the presentation of the bar-chart figures do not apportion phases, a signature may be
seen when reviewing on-site data relative to off-site data.

7.0 CONCLUSIONS

Chemical data indicates that soils in the vicinity of the USS Lead site have been impacted by a
variety of industrial contaminants.  

An evaluation of trends with respect to the known industrial sources in the vicinity of the study
area in currently being conducted.  The lowest concentrations of lead in soil in the study area,
according 

Lead isotope data from the 2002 sampling indicates that lead from the USS Lead site may have a
distinct signature (i.e., more similar to common lead) than lead from the Dupont site.

The lead isotope data from the 2003 on- and off-site data does not display as much variation
along the trend line as the 2002 data.  However, in general terms it appears that the on-site lead
isotope data from the 2003 sampling plots closer to common lead than the off-site lead isotope
data.  Further, the lead isotope signature of the off-site data is more similar to the 2002 USS Lead
lead isotope signature than the 2002 Dupont lead isotope signature.

EMPA results suggests that a significant amount of the lead within the study area may be
complexed with iron and manganese hydroxides.  Many lead phases that result from smelting
processes do not typically have high solubilities.  However, due to their small particle sizes, and
relatively large surface areas, it is possible that airborne particulates carried into the off-site areas
contributed a significant amount of the lead that is observed in the soil forming phases.  
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Appendix A

TechLaw Trip Report for MRFI Field Activities
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FIELD OVERSIGHT AND SPLIT SAMPLING REPORT

USS LEAD REFINERY, INC.
EAST CHICAGO, INDIANA
EPA ID NO. IND047030226

Background Information

USS Lead is located at 5300 Kennedy Avenue in East Chicago, Lake County, Indiana.  The USS
Lead facility previously conducted a secondary lead smelting operation which reclaimed lead
from automotive batteries.  Industrial activities at the site were discontinued, and the previous
manufacturing area has been incorporated into the Corrective Action Management Unit
(CAMU).  Activities conducted as part of the Interim Stabilization Measures (ISM) include the
demolition of the manufacturing buildings at the site, the excavation of lead slag and lead
contaminated sediments from the wetlands located south of the manufacturing area, and the
excavation of lead contaminated soil and sediments from other portions of the site including the
tank area and outfall canal. 

Introduction

The personnel present for this field sampling event included:

"� Ms. Amie Motsinger - TechLaw
"� Ms. Wendy Trimble - Geochemical Solutions, Inc.
"� Mr. Norm Johnson - Representative for USS Lead
"� Mr. Scott ? - Representative for USS Lead

Attachment A of this report contains a photograph log documenting field activities.  Attachment
B contains photocopies of the field logbooks for the field activities described in this report.  The
sampling techniques which were described previously are not described again in this Attachment.

This report does not provide detail on the companion sampling that was conducted in off-site
areas by a U.S. EPA lead field team.  U.S. EPA personnel conducted off-site field screening and
surface soil sampling in the vicinity of the USS Lead site from July 23 to August 21, 2003. 
Containerized soil samples collected by U.S. EPA during this off-site sampling event were
provided to TechLaw for analysis by the same methods and laboratories as described in this
Report. 

Field Oversight Activities

On July 8, 2003, at 0745 Ms. Amie Motsinger arrived on-site and was met by Ms. Wendy
Trimble of Geochemical Solutions, Inc.  Ms. Trimble informed TechLaw that surface water and
fill samples would first be collected.  Ms. Trimble also indicated that another field team
(consisting of Jeff Woelfer and Dave Kwasiborski) would be collecting groundwater samples at
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the same time.  Per U.S. EPA direction, TechLaw provided field oversight of the soil, fill and
surface water sampling.

The field team walked over the CAMU to the decontamination station that was set up between
the USS Lead Canal and the wetlands area.  The vegetation on the CAMU appeared to have been
taking well; a few small erosion channels were noted.  Facility representatives indicated that this
was likely due to recent torrential rain storms.  When the field team reached the decontamination
station, a brief health and safety meeting was held.  All equipment was then decontaminated with
an alconox solution and double rinsed.  

At 0850 a fill sample was collected from the southern portion of the CAMU at sample location 4. 
The sample was collected from the zero- to six- inch interval for metals analysis.  All samples
were collected using a stainless steel spoon and bowl.  The sample was homogenized and an
eight-ounce jar was filled.  The hole was filled in after sample collection.  The field team
indicated that all samples will be sent to Severn Trent Laboratories.

At 0855 a fill sample was collected from the northern portion of the CAMU at sample location 3. 
The sample was collected from the zero- to six- inch interval for metals analysis.  A duplicate fill
sample was also collected at this location.  It was noted that the vegetation on the south slope of
the CAMU is more sparse than in other areas.

At 0925 the pH meter was calibrated.  The field team then collected a surface water sample at a
pond on the northern portion of the site at sample location 1.  Sample location 1 was located
alongside the southeastern bank of the pond.  The sample was collected using a beaker on a stick. 
A duplicate surface water sample was also collected at this location.  The field team indicated
that all water samples would be preserved with nitric acid at once later in the day.

At 0945 a soil/sediment sample was collected at the same location (sample location 1) using a
hand auger.  The sample was collected underneath the water along the bank.  The field team
indicated that this sample was to be submitted for the following analyses: metals (with lower
method detection levels), Cation Exchange Capacity (CEC), and paste pH.

At 1014 a surface water sample was collected at sample location 2 in a pond further south from
sample location 1.  The surface water sample was collected using a beaker on a stick to be
submitted for Appendix IX metals analysis.  A soil/sediment sample was also collected from this
location.  The soil/sediment sample was collected using a hand auger from a location along the
bank beneath the water.  

At 1050 the field team collected a surface water sample from the eastern portion of the USS Lead
canal at sample location 13.  The sample was collected using a beaker on a stick from standing
on the southern bank of the canal.  A rowboat was used in order to collect the soil/sediment
sample from this same location.  The field team collected the sample from the zero- to six- inch
interval using a hand auger while on the boat.  The sample required three volumes from the
auger.  Since conditions were becoming windy with the boat on the water, it was difficult to
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collect the sediment sample in the exact same location, but it was within the same general area.  

At 1144 a soil/sediment sample was collected at sample location 12, which was located further
west in the USS Lead canal.  This sample was collected from the zero- to six-inch interval using
a hand auger.  The sample container (TerraCore) was filled first for VOC analysis prior to
homogenization.  Then, the remaining sample containers were filled.  No surface water sample
was collected at this location.

Conductivity, pH and temperature readings were collected at all surface water sample locations. 
Sample location 2 showed the highest parameter readings.  All surface water samples were then
preserved with nitric acid.  The sampling equipment was decontaminated between every sample
location.

At 1444 a surface water sample was collected at sample location 6.  Sample location 6 was
located in the eastern portion of the former slag pile location.  A boat was used to collect the
sample from this location using a beaker on a stick.  A sediment sample was also collected at this
location using a hand auger.  Conductivity, pH and temperature readings were also collected.

At 1500 a soil/sediment sample was collected at sample location 5.  Sample location 5 was
located to the northwest of sample location 6, also within the former slag pile location.  A boat
and hand auger were used to collect this sample.  At sample location 5, two samples were
collected: one at the zero- to six-inch interval and another at the six-inch to two-foot interval.  

The pH reading in the pond in the area of the former slag pile was 9.4.  However, the field team
noted that they did not know if this reading was accurate, as the pH meter was running out of
batteries.  

It should be noted that it had been raining in the field during sample collection activities.  Shortly
after sample collection at sample location 5, the field team noted lightning in the sky.  Based
upon health and safety concerns of using the boat under these weather conditions, it was
determined that the last sample (sample location 10) would not be collected that day.  The field
team indicated that an equipment rinseate blank would be collected and field activities for the
day would be complete.  

At 1600, TechLaw left the site for the day.  

Sampling Activities

On July 9, 2003, Ms. Amie Motsinger arrived on site at 0700.  TechLaw met the field team and
prepared the equipment for the day.  The personnel present were the same as the previous day. 
The USS Lead field team (USS Lead) consisted of Ms. Trimble, Mr. Johnson and Mr. Scott ?
Ms. Trimble indicated that the wetlands would first be sampled, followed by Area 2.

Sampling began at 0755 at sample location 10.  USS Lead collected a surface water sample, a
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surface (0-6" below ground surface [bgs]) soil/sediment sample and subsurface (6"- 2' bgs)
soil/sediment sample at this location.  TechLaw collected a split of the surface soil/sediment
sample (TL-10) at 0805.  For all split samples collected by TechLaw, three 8-ounce glass jars
were filled for submittal to the three separate laboratories.  The samples collected at this location
were collected by using a hand auger while on the boat.  As only two people could be on the boat
and due to health and safety concerns, two USS Lead representatives collected the samples, while
TechLaw observed from the shoreline.  In order to obtain the amount of volume needed, a
composite sample was collected from three locations directly adjacent to each other.

At 0920, the field teams arrived at sample location 11.  Sample location 11 was located
approximately 100 feet south southeast of MW-6.  The global positioning system (GPS) reading
taken by USS Lead at this location was N 41 36.904 and W 87 28.024.  USS Lead collected a
surface and subsurface sample at this location.  TechLaw collected a split of the surface sample
(TL-11) at 0930.

At 1130, the field teams arrived at sample location 9.  Sample location 9 was very difficult to
find due to its location in thick brush in the wetlands.  The GPS reading taken by USS Lead at
this location was N 41 36.799 and W 87 27.880.  USS Lead collected a surface and subsurface
sample at this location.  USS Lead also collected a duplicate at sample location 9.  TechLaw
collected a split of the surface sample (TL-9) at 1135.  When USS Lead was collecting their
subsurface sample, very heavy petroleum odors were noted, and the soils were very saturated. 
The odors were noted when USS Lead was collecting the soils within the 2nd and 3rd augers (12-
18" and 18-24" bgs, respectively).  Based upon the conditions noted during sample collection,
TechLaw also collected a split of this subsurface sample (TL-9SS) at 1155.  However, only one
8-ounce jar was filled for sample analysis.

At 1255, the field team arrived at sample location 7.  Sample location 7 was located
approximately 75 feet from the pond.  The GPS reading taken by USS Lead at this location was
N 41 36.881 and W 87 27.757.  USS Lead collected a surface and subsurface soil sample at this
location.  TechLaw collected a split of the surface soil sample (TL-7) at 1300.  TechLaw also
collected a duplicate (TL-28) at this location.  TL-28 was a duplicate of TL-7.  The sample
collection time assigned to TL-28 was 0800.  Water was encountered directly below the
vegetation cover at this location.

At 1318, the field team arrived at sample location 8.  Sample location 8 was located
approximately 200 feet south southeast of sample location 7.  USS Lead collected a surface and
subsurface sample at this location.  TechLaw collected a split of the surface soil sample (TL-8) at
1325.

In summary, at the five wetlands locations to the south of the USS Lead Canal (Sample locations
7, 8, 9, 10 and 11), USS Lead collected both a surface (0-6" bgs) and subsurface (6"-2' bgs) soil
sample.  In addition, USS Lead collected a surface water sample at sample location 10.  TechLaw
collected a split surface soil sample at each location, in addition to a split subsurface soil sample
at sample location 9.  This concluded the wetlands sampling.
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The field team then moved all sampling equipment and the decontamination station over to Area
2, the remnant dunes and swale area located to the west of the fence line that runs north-south
between the canal and the northern site boundary.  

At 1450, the field team arrived at sample location 21.  USS Lead collected a surface (0-6" bgs)
soil sample at this location.  TechLaw collected a split of this surface soil sample (TL-21) at
1450.

At 1505, the field team arrived at sample location 16.  USS Lead collected a surface soil sample
at this location.  TechLaw collected a split of this surface soil sample (TL-16) at 1505.  TL-27
was also collected at this location.  TL-27 was a duplicate of TL-16.  The sample time assigned
to TL-27 was 1800.  

The field team then proceeded to sample location 15.  Sample location 15 was located
approximately 64 feet south of sample location 16.  USS Lead collected a surface and subsurface
(6"-2' bgs) soil sample at this location.  This was the only location in Area 2 at which USS Lead
collected a subsurface soil sample.  TechLaw collected a split of the surface soil sample (TL-15)
at 1520.

The field team then proceeded to sample location 14.  Sample location 14 was located
approximately 134 feet south of sample location 15.  USS Lead collected a surface soil sample at
this location.  TechLaw collected a split of this surface soil sample (TL-14) at 1535.  

Sample location 17 was the next location sampled.  Sample location 17 was located
approximately 68 feet west of the fence and 280 feet north of location 16.  USS Lead collected a
surface soil sample at this location.  TechLaw collected a split of this surface soil sample (TL-17)
at 1600.  USS Lead also collected a duplicate at this location.

The field team then proceeded to sample location 18.  Sample location 18 was located
approximately 150 feet north of sample location 17 and 50 feet west of the fence.  USS Lead
collected a surface soil sample at this location.  TechLaw collected a split of this surface soil
sample (TL-18) at 1630.  

Sample location 19 was the next to be sampled.  Sample location 19 was located approximately
215 feet west of the fence and 235 feet north of location 16.  USS Lead collected a surface soil
sample at this location.  TechLaw collected a split of this surface soil sample (TL-19) at 1650.  

At 1715, USS Lead collected a rinseate blank.  Distilled water was poured into a decontaminated
bowl and stirred with a decontaminated spoon.  A sample was then collected and submitted for
laboratory analysis.

At 1735, the field team then proceeded to sample location 22.  USS Lead collected a surface soil
sample at this location.  Based on field discretion, and with approval from U.S. EPA, TechLaw
did not collect a split sample at this location.
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The USS Lead team proceeded to sample location 24 to collect a surface soil sample.  As
TechLaw was directed by U.S. EPA to not collect a split sample at this location, TechLaw did
not accompany the USS Lead field team.  Instead, as directed by U.S. EPA, TechLaw walked
through the northwest corner of the site to observe site conditions based upon an historical aerial
photograph provided by the U.S. EPA Technical Advisor (TA).  The area was slightly less
vegetated, but no areas of concern were noted.  TechLaw then met up with Ms. Trimble, as she
requested to be present for any sample collection.  

TechLaw collected an opportunistic surface soil sample (TL-26) in this area at 1810.  The sample
was collected using a decontaminated stainless steel bowl and spoon.  The sample was collected
at this location in case any areas of concern were later noted, however its analysis was not
deemed necessary.

The field team then proceeded to sample location 23.  USS Lead collected a surface soil sample
at this location.  TechLaw collected a split of this surface soil sample (TL-23) at 1825.

Sample location 20 was the final location to be sampled.  USS Lead collected a surface soil
sample at this location.  TechLaw collected a split of this surface soil sample (TL-20) at 1850.

This concluded the sampling activities for the day and all soil sampling activities to be conducted
under the MRFI.  In summary, USS Lead collected surface soil samples at all Area 2 sample
locations (Sample locations 14-24).  In addition, USS Lead collected one subsurface soil sample
at sample location 15.  TechLaw collected a split surface soil sample at all Area 2 locations, with
the exception of sample locations 22 and 24.  In addition, TechLaw collected one opportunistic
sample (TL-26) at the very northwest corner of the site.

TechLaw left the site at 1915.

All samples were then labeled, tagged, placed on ice in coolers and chilled to a temperature less
than 4 degrees centigrade.  The samples were kept in a secure environment (i.e., under direct
control of the sampling team) to preserve sample integrity prior to shipment to the laboratories.  

The samples were sent to three laboratories with instructions to hold the samples until further
directed by TechLaw.  The purpose was to first observe the results obtained by USS Lead and
only analyze those split samples with significant concentrations of lead or other metals. 

A number of off-site samples were collected by U.S. EPA personnel during a sampling event
separate from the abovementioned TechLaw field activities.  Those samples were collected and
maintained under the custody of U.S. EPA personnel.  The chains of custody were initiated by
the U.S. EPA sampling team.  Custody was then transferred to the U.S. EPA Region 5 Central
Regional Laboratory (CRL) in Chicago, Illinois at the conclusion of the field event.  TechLaw
later retrieved the samples from CRL and retained custody.   The samples were then sent to two
of the laboratories used by TechLaw for the abovementioned sampling event, AATS and LEGS.
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Analysis

Some of the containerized samples collected under this sampling event were subjected to the
suite of analytical methods that were established for this project.  The samples were initially
 � held �  by the laboratories pending receipt of split sample analytical results from the USS Lead
contract laboratory.  Samples determined to represent both wetland and upland areas and to
contain significant lead concentrations based on the USS Lead split sample analytical results
were analyzed to determine additional information about the characteristics of the lead detected
at the USS Lead site.   The total number of on-site samples analyzed by sieving, ICP/MS and
EMPA analysis was eight samples. 

The following sample analysis methodology was followed:

 " One of the three sample jars from each location was sent to American Analytical and
Technical Services, Inc. in Baton Rouge, Louisiana.

 " The sample was sieved through a 100 mesh (150 micron) screen.  
 " Fine fraction and residual fraction masses were carefully recorded.
 " Fine fraction, residual fraction and some bulk samples were analyzed by inductively

coupled plasma/mass spectrometry (ICP/MS).  
 " The semiquantitative analysis included NIST standard 981 to evaluate the lead isotope

abundances in the samples (i.e., comparable to an isotope ratio report).

 " One of the three jars was submitted for electron microprobe analysis (EMPA) to Dr. John
Drexler �s laboratory at the University of Colorado.

 
 " One of the three sample jars was shipped to the National Risk Management Research

Laboratory (NRMRL) in Cincinnati, Ohio.  NRMRL was prepared to conduct x-ray
diffraction (XRD) analysis on soil samples to identify lead species.  It was recognized that
the XRD techniques requested from NRMRL may not identify individual lead-mineral
phases that are present in the sample at abundances less than 1-2%.  It was also
recognized that the NRMRL XRD analysis would have only been of a  � survey �  nature
and the results would not have been quantitative.  The off-site samples collected by U.S.
EPA were not sent to this laboratory. 

Analytical Results/Discussion
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APPENDIX A

PHOTOGRAPH LOG
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Photograph No.: R1P1 Time: 0845
Date: 7/8/03 Direction: West

Description: View of sample location 4 on the southern portion of the CAMU.
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Photograph No.: R1P2 Time: 0855
Date: 7/8/03 Direction: West

Description: View of sample location 3 on the northern portion of the CAMU.
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Photograph No.: R1P3  Time: 0925
Date: 7/8/03 Direction: West Northwest

Description: View of sample location 1 on the southeastern corner of the northern pond.
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Photograph No.: R1P4  Time: 1014
Date: 7/8/03 Direction: West

Description: View of sample location 2 on the pond to the south of sample location 1.
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Photograph No.: R1P5 Time: 1050
Date: 7/8/03 Direction: Northwest

Description: View of sample location 13 in the eastern portion of the USS Lead Canal.
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Photograph No.: R1P6 Time: 1144
Date: 7/8/03 Direction: North Northwest

Description: View of sample location 12 in the western portion of the USS Lead Canal.
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Photograph No.: R1P7 Time: 1415
Date: 7/8/03 Direction: East Northeast

Description: View of sample location 6 in the eastern portion of the former slag pile location.
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Photograph No.: R1P8 Time: 1500
Date: 7/8/03 Direction: East Southeast

Description: View of sample location 5 in the western portion of the former slag pile location.
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Photograph No.: R1P9 Time: 0809
Date: 7/9/03 Direction: South

Description: View of sample location 10.
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Photograph No.: R1P10 Time: 0949
Date: 7/9/03 Direction: South

Description: View of sample location 11.
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Photograph No.: R1P11 Time: 1140
Date: 7/9/03 Direction: Southeast

Description: View of sample location 9.  Note the two large tanks in the background.  They are
the two tanks furthest east on the property across the river.
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Photograph No.: R1P12 Time: 1309
Date: 7/9/03 Direction: West

Description: View of sample location 7.  Note the white tanks in the background.  They are the
third and fourth tanks from the east on the property across the river.
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Photograph No.: R1P13 Time: 1450
Date: 7/9/03 Direction: West

Description: View of sample location 21.
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Photograph No.: R1P14 Time: East
Date: 7/9/03 Direction: 

Description: View of sample location 16.  A duplicate (TL-27) was also collected at this location.
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Photograph No.: R1P15 Time: 1520
Date: 7/9/03 Direction: East

Description: View of sample location 15.
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Photograph No.: R1P16 Time: 1530
Date: 7/9/03 Direction: North northwest

Description: View of sample location 14.
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Photograph No.: R1P17 Time: 1815
Date: 7/9/03 Direction: East

Description: View of sample location TL-26, where the opportunistic sample was collected.
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Photograph No.: R1P18 Time: 1816
Date: 7/9/03 Direction: East

Description: Distant view of sample location TL-26.
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ATTACHMENT B

FIELD LOGBOOK
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Appendix B

Lead Speciation Lab Report
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 Appendix A.  Chain-of-Custody 
 CD ROM  All raw data files, backscatter photomicrographs, and spectra. 
 
 
 

Definitions: 
 

PbCO3 = Cerussite 
PbMO = Lead metal Oxide, metals are typically As, Sn and/or Sb 
PbMSO4 = Lead metal Sulfate, metals are typically As, Sn and/or Sb 

 PbSO4 = Anglesite 
 PbS = Galena 
 PbO = Lead Oxide 
 BSPM = Backscatter photomicrograph of BE! (backscatter electron image) 

EPMA = Electron microprobe analysis 
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Introduction 

TechLaw Inc. requested lead speciation be conducted on a set of 31. Samples were collected by 

TechLaw and delivered to LEGS at the University of Colorado under Chain-of-custody 

(Appendix I). Samples were air-dried and sieved to <2mm prior to preparation for EMPA 

speciation. No review nor interpretation of the data was requested. 

 
Speciation Methodology 

The Laboratory for Environmental and Geological Studies (LEGS) at the University of 

Colorado, Department of Geological Sciences contains the following equipment was used for 

this project: 
A JOEL 8600 electron microprobe, with four wavelength dispersive detectors 
(TAP, LIF, PET, LdB, LdC and Ld1 crystals) and an energy dispersive detector. 
The system includes backscatter and secondary detectors for imaging and can 
produce both x-ray spectra and photomicrographs in TIF format. Certified mineral 
standards for all elements of concern are available for EMPA standardization. SOP 
for metal speciation is available at our website: 

 
http://www.colorado.edulGeolSci/legs/speciation.html 

 
 

Representative backscatter photomicrographs (BSPM) illustrating sample characteristics were 

acquired (project name, date and sample/photo number are recorded on photo) and EDS spectra 

(with corresponding photo number) acquired and it is recommended the client review these 

images. Data from EMPA will be summarized using two methods as illustrated below. 
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The first method is the determination of FREQUENCY OF OCCURRENCE. This is calculated 

by summing the longest dimension of all the lead/arsenic bearing phases observed and then 

dividing each phase by the total. 

 

Equation 1.0 will serve as an example to the calculation for a lead-bearing compound. 

 

 

 

 

 

This data thus illustrates which lead-bearing phase(s) are the most commonly observed in the 

sample or relative volume percent. 

 

The second calculation used in this report is the determination of RELATIVE MASS of a 
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lead/arsenic bearing phase. These data are calculated (using lead as an example) by substituting 

the PLD term in the equation above with the value of Mpb. This term is 

calculated as defined below. 

 

. 

 

 

 

 

The advantage in reviewing the RELATIVE MASS determination is that it gives one information 

as to which metal-bearing phase(s) in a sample are likely to control the total bulk concentration 

for the metal. As an example, PHASE-I may by relative volume comprise 98% of the sample, 

however it has a low specific gravity and contains only 1000 ppm lead, while 

PHASE-2 comprises 2% of the sample, has a high specific gravity and contains 850000 ppm of 

lead. In this example it is PHASE-2 that is the dominant source of lead to the sample. 

 
Sample Preparation 
 

1) Logging the samples of which polished mounts will be prepared 

 
2) Inspection of all plastic cups, making sure each is clean and 
dry 
 
3) Labeling each “mold” with its corresponding sample number. 
 

4) All samples will be split to produce a homogeneous 1-4 gram 

sample. 
5 
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5) Mixing epoxy resin and hardener according to manufacturer’s 
directions. 

 
6) Pour 1 gram of sample into mold. Double checking to make sure 

sample numbers on mold and sample match. Pouring epoxy into 
mold to just cover sample grains. 
 
7) Using a new wood stirring stick with each sample, carefully 
blend epoxy and grains so as to coat all grains with epoxy. 
 
8) Setting molds to cure at ROOM TEMPERATURE in a clean 
restricted area. Adding labels with sample numbers and covering 
with more epoxy resin. Leaving to cure completely at room 
temperature. 
 
9) One at a time, removing each sample from its mold and 
grinding flat the back side of the mount. 
 
10) Using 600 grit wet abrasive paper stretched across a grinding 

wheel for removing the bottom layer and exposing as many 
mineral grains as possible. Follow with 1000 grit paper. 
 
11) Start polishing with l5u oil based diamond paste on a 
polishing paper fixed to a lap. Using paper instead of cloth 
minimizes relief. 
 
12) Next use 6u diamond polish on a similar lap. 
 
13) Finally polish the sample with 1u oil based diamond past on 
polishing paper. Followed by .05u alumina in water suspension. 
The quality should be checked after each step. Typical polishing 
times are 30 minutes for l5u, 20 minutes for 6u, 15 minutes for 
1u and 10 minutes for .05u. 
 
 

NOTE: use low speed on the polishing laps to avoid “plucking” 
of sample grains. 

 
14) Samples should be completely cleaned in an ultrasonic cleaner 
with isopropyl alcohol or similar solvent to remove oil and 
finger prints. 
 
15) To insure that no particles of lead are being cross 
contaminated with sample preparation procedures, a blank epoxy 
only) mold will be made every 50th sample following all of the 
above procedures. This mold will then be speciated along with the 
other samples. 
 
16) Each sample be carbon coated. Once coated the samples should 

be stored in a clean, dry environment with the carbon surface 
protected from scratches or handling. 
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POINT COUNTING 

Counts are made by traversing each sample from left-to-right and top-to-bottom. The amount of 

vertical movement for each traverse would depend on magnification and CRT (cathode-ray tube) 

size. This movement should be minimized so that NO portion of the sample is missed when the 

end of a traverse is reached. Two magnification settings should be used. One ranging from 40-

100X and a second from 300-600X. The last setting will allow one to find the smallest 

identifiable (1-2 micron) phases. 

 

The portion of the sample examined in the second pass, under the higher magnification, will 

depend on the time available, the number of lead-bearing particles, and the complexity of metal 

mineralogy. A maximum of 8 hours will be spent per sample. 

 
SPECIATION 

 

The soil samples from the USS Lead site (Table 1) were speciated for lead, using electron 

microprobe (EMPA) techniques. Methodologies used for sample preparation, data collection, and 

data synthesis are described above. Data are summarized in Figures 1 -2 and individual sample 

results are provided in Table 2 and 3. 
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Table 1. USS Lead site sample set. 
 
 

Client Sample Number Lab ID Lead 
 

Concentration 
On Site  mg/kg 

MRFI-SS-7A TL-7 na 
MRFI-SS-9A TL-9 na 
MRFI-SS-11A  TL-11 na 
MRFI-SS-16 TL-16 na 
MRFI-SS-17 TL-17 na 

MRFI-SS-I9** TL-19 na 
MRFI-SS-20 TL-20 na 
MRFI-SS-23 TL-23 na 

Off Site   
S-03 S-03 na 
S-04 S-04 na 
S-06 S-06 na 
S-07 S-07 na 
S-08 S-08 na 
S-09 S-09 na 
S-11 S-11 na 
S-12 S-12 na 
S-14 S-14 na 
S-15 S-15 na 

S-16x49 S-16 na 
S-17x50 S-17 na 

S-20 x 66 S-20 na 
 

** Designated for duplicate analyses. 
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S-21 x76 S-21 na 
S-22 x73 S-22 na 
S-23 x79 S-23 na 

S-26 S-26 na 
S-27 S-27 na 
S-28 S-28 na 
S-29 S-29 na 

D-03** D-03 na 
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Table 2. Speciation summary for on-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
TL-11 Anglesite 0.19% 5.30% 0.8% 
 FeOOH 94.31% 65.24% 4.2% 
 MnOOH 3.89% 12.81% 3.5% 
 PbMO 0.53% 7.68% 1.3% 
 PbO 0.13% 7.24% 0.6% 
 SbMO 0.36% 0.91% 1.1% 
 SnMO 0.59% 0.83% 1.4% 
 
TL-23 Brass 4.72% 0.05% 4.1% 
 FeOOH 43.12% 11.69% 9.7% 
 MnOOH 0.82% 1.06%    1.8% 
 PbMO 9.45% 53.73% 5.7% 
 PbTiO2 1.44% 9.82% 2.3% 
 SbMO 3.29% 3.26% 3.5% 
 SnMO 37.17% 20.40% 9.4% 
 
TL-20 Brass 1.52% 0.01% 2.2% 
 FeOOH 49.43% 10.19% 9.0% 
 Galena 0.25% 3.17% 0.9% 
 MnOOH 20.71% 20.31% 7.3% 
 PbMO 13.34% 57.68% 6.1% 
 PbSiO2 1.02% 2.46% 1.8% 
 SbMO 2.03% 1.53% 2.5% 
 SnMO 9.15% 3.82% 5.2% 
 Fe Sulfate 2.54% 0.83% 2.8% 
 
TL-16 Anglesite 0.36% 6.80% 1.6% 
 Brass 10.71% 0.20% 8.1% 
 FeOOH 72.50% 34.34% 11.7% 
 Galena 0.36% 10.25% 1.6% 
 MnOOH 1.79% 4.02% 3.5% 
 PbMO 3.57% 35.49% 4.9% 
 SbMO 0.71% 1.24% 2.2% 
 SnMO 0.71% 0.68% 2.2% 
 Fe Sulfate 9.29% 6.98% 7.6% 
 
TL-7 Anglesite 29.29% 91.86% 5.2% 
 AsS2 0.51% 0.00% 0.8% 
 Bante 0.11% 0.00% 0.4% 
 FeOOH 11.88% 0.93% 3.7% 
 Fe Sulfate 58.22% 7.21% 5.6% 
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Table 2. Speciation summary for on-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
TL-I7 Pb-Al-Si02 0.84% 1.72% 1.6% 
 Anglesite 0.28% 2.94% 0.9% 
 Brass 2.95% 0.03% 3.0% 
 FeOOH 47.47% 12.38% 8.8% 
 MnOOH 19.24% 23.87% 6.9% 
 PbAsO 0.14% 0.58% 0.7% 
 PbMO 8.57% 46.88% 4.9% 
 SbMO 2.81% 2.68% 2.9% 
 SnMO 13.90% 7.34% 6.1% 
 Fe Sulfate 3.79% 1.57% 3.3% 
 
TL-9 Anglesite 4.82% 65.04% 3.1% 
 Barite 1.00% 0.10% 1.5% 
 Brass 0.19% 0.00% 0.6% 
 FeOOH 78.93% 26.50% 6.0% 
 PbMO 0.05% 0.34% 0.3% 
 SnMO 0.19% 0.13% 0.6% 
 Fe Sulfate 14.82% 7.90% 5.2% 
 
TL-19 Brass 0.41% 0.00% 1.3% 
 FeOOH 35.54% 5.44% 9.3% 
 MnOOH 11.78% 8.58% 6.3% 
 PbMO 22.31% 71.70% 8.1% 
 PbSiO2 2.89% 5.21% 3.3% 
 SbMO 2.69% 1.50% 3.2% 
 SnMO 24.38% 7.56% 8.4% 
 
TL-19-Dup Brass 2.64% 0.02% 3.0% 
 FeOOH 29.07% 6.02% 8.4% 
 MnOOH 17.48% 17.21% 7.1% 
 PbCrO4 1.63% 6.18% 2.4% 
 PbMO 12.20% 52.95% 6.1% 
 SbMO 6.30% 4.77% 4.5% 
 SnMO 30.69% 12.86% 8.6% 

 
**E-95% = Counting error at 95% confidence limit on F% estimates, based on Mosimann, 1965.  
The reported errors serve only to remind the reader that when total particle counts are low , the 
observed frequency is in greater doubt. 
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Table 3. Speciation summary for off-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
SO-4 Pb-Al-Si02 4.83% 9.82% 3.8% 
 Anglesite 0.94% 9.79% 1.7% 
 FeOOH 62.42% 16.19% 8.5% 
 MnOOH 7.38% 9.11% 4.6% 
 Paint 2.68% 1.75% 2.8% 
 PbFeOOH 1.21% 1.47% 1.9% 
 PbMO 5.77% 31.40% 4.1% 
 PbO 0.27% 5.74% 0.9% 
 PbTiO2 0.27% 1.75% 0.9% 
 Phosphate 3.22% 7.79% 3.1% 
 SbMO 0.27% 0.25% 0.9% 
 SnMO 4.43% 2.33% 3.6% 
 Fe Sulfate 6.31% 2.60% 4.3% 
 
SO-3 Anglesite 0.41% 3.55% 1.1% 
 AsMO 0.10% 0.61% 0.6% 
 Cerussite 0.31% 3.17% 1.0% 
 FeOOH 59.57% 12.86% 8.8% 
 MnOOH 3.58% 3.68% 3.3% 
 PbFeOOH 2.05% 2.08% 2.5% 
 PbMO 6.35% 28.75% 4.4% 
 PbTiO2 0.10% 0.56% 0.6% 
 Phosphate 20.88% 42.06% 7.3% 
 SnMO 4.20% 1.83% 3.6% 
 Fe Sulfate 2.46% 0.84% 2.8% 
 
S-12 FeOOH 84.62% 42.91% 7.0% 
 MnOOH 1.82% 4.39% 2.6% 
 Paint 4.00% 5.11% 3.8% 
 PbBr 0.18% 3.69% 0.8% 
 PbMO 3.28% 34.84% 3.5% 
 Phosphate 1.18% 5.59% 2.1% 
 SbMO 0.55% 1.01% 1.4% 
 SnMO 1.82% 1.87% 2.6% 
 ZnMO 2.55% 0.58% 3.1% 
 
S-23 FeOOH 30.35% 5.92% 7.1% 
 MnOOH 57.28% 53.15% 7.6% 
 PbMO 9.67% 39.56% 4.5% 
 SbMO 0.98% 0.70% 1.5% 
 SnMO 1.71% 0.68% 2.0% 
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Table 3. Speciation summary for off-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
S-14 Anglesite 1.03% 12.78% 1.8% 
 Barite 1.18% 0.11% 1.9% 
 FeOOH 69.71% 21.53% 8.1% 
 MnOOH 5.29% 7.78% 3.9% 
 PbMO 3.24% 20.96% 3.1% 
 Phosphate 11.18% 32.20% 5.5% 
 SbMO 0.44% 0.50% 1.2% 
 SnMO 1.91% 1.20% 2.4% 
 Fe Sulfate 6.03% 2.96% 4.2% 
 
S-26 Anglesite 0.45% 3.71% 1.2% 
 FeOOH 49.61% 10.14% 9.2% 
 MnOOH 13.08% 12.72% 6.2% 
 PbFeOOH 0.56% 0.54% 1.4% 
 PbMO 6.88% 29.49% 4.7% 
 Phosphate 20.97% 39.99% 7.5% 
 SnMO 7.55% 3.13% 4.9% 
 Fe Sulfate 0.90% 0.29% 1.7% 
 
S-17 Pb-Al-Si02 3.25% 4.05% 3.2% 
 Cerussite 7.90% 60.07% 4.9% 
 FeOOH 71.49% 11.37% 8.2% 
 MnOOH 3.18% 2.40% 3.2% 
 PbAsO 0.78% 1.96% 1.6% 
 PbCrO4 0.64% 1.85% 1.4% 
 PbMO 3.60% 12.01% 3.4% 
 Phosphate 3.03% 4.50% 3.1% 
 SnMO 3.32% 1.07% 3.2% 
 Fe Sulfate 2.82% 0.71% 3.0% 
 
S-15 Brass 3.27% 0.07% 3.5% 
 FeOOH 83.27% 43.54% 7.3% 
 MnOOH 0.85% 2.11% 1.8% 
 PbMO 3.27% 35.90% 3.5% 
 PbSiO2 0.24% 1.49% 1.0% 
 Phosphate 1.94% 9.46% 2.7% 
 SbMO 0.85% 1.62% 1.8% 
 SnMO 3.15% 3.34% 3.4% 
 Fe Sulfate 2.91% 2.42% 3.3% 
 ZnMO 0.24% 0.06% 1.0% 
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Table 3. Speciation summary for off-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
S-29 Pb-Al-Si02 2.46% 7.05% 3.0% 
 FeOOH 78.40% 28.62% 8.0% 
 MnOOH 4.34% 7.54% 4.0% 
 PbMO 6.22% 47.64% 4.7% 
 Phosphate 1.41% 4.80% 2.3% 
 SnMO 3.99% 2.95% 3.8% 
 Fe Sulfate 2.11% 1.22% 2.8% 
 ZnMO 1.06% 0.17% 2.0% 
 
S-16 Pb-Al-Si02 20.06% 41.27% 7.7% 
 Brass 1.29% 0.01% 2.2% 
 Cerussite 0.64% 8.09% 1.5% 
 Clay 0.97% 0.09% 1.9% 
 FeOOH 49.15% 12.90% 9.7% 
 MnOOH 7.01% 8.76% 4.9% 
 Paint 7.25% 4.80% 5.0% 
 PbAsO 0.08% 0.34% 0.5% 
 PbMO 3.14% 17.31% 3.4% 
 PbTiO2 0.24% 1.60% 0.9% 
 Phosphate 0.24% 0.59% 0.9% 
 SnMO 2.66% 1.41% 3.1% 
 Fe Sulfate 6.61% 2.75% 4.8% 
 ZnMO 0.64% 0.08% 1.5% 
 
S-11 Pb-Al-Si02 0.59% 1.38% 1.5% 
 Brass 0.17% 0.00% 0.8% 
 Cerussite 0.08% 1.20% 0.6% 
 FeOOH 53.65% 16.06% 9.6% 
 MnOOH 6.80% 9.69% 4.8% 
 Paint 14.95% 11.27% 6.9% 
 PbMO 2.60% 16.35% 3.1% 
 PbTiO2 0.42% 3.17% 1.2% 
 Phosphate 13.01% 36.34% 6.5% 
 SbMO 0.25% 0.28% 1.0% 
 SnMO 5.54% 3.36% 4.4% 
 Fe Sulfate 1.93% 0.92% 2.6% 
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Table 3. Speciation summary for off-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
S-22 Pb-Al-Si02 0.52% 2.27% 1.4% 
 Brass 5.62% 0.12% 4.4% 
 FeOOH 83.40% 46.24% 7.1% 
 MnOOH 2.22% 5.86% 2.8% 
 PbFeOOH 0.13% 0.34% 0.7% 
 PbMO 2.61% 30.41% 3.1% 
 Phosphate 2.22% 11.49% 2.8% 
 SnMO 1.57% 1.76% 2.4% 
 Fe Sulfate 1.70% 1.50% 2.5% 
 
S-27 Brass 1.18% 0.02% 1.9% 
 FeOOH 73.94% 29.74% 7.8% 
 MnOOH 1.95% 3.72% 2.5% 
 PbMO 3.47% 29.27% 3.3% 
 Phosphate 7.53% 28.25% 4.7% 
 SnMO 7.78% 6.34% 4.8% 
 Fe Sulfate 4.15% 2.65% 3.6% 
 
S-28 Pb-Al-Si02 7.85% 28.57% 5.1% 
 FeOOH 79.73% 37.04% 7.7% 
 MnOOH 8.37% 18.50% 5.3% 
 PbMO 1.31% 12.75% 2.2% 
 SbMO 0.72% 1.22% 1.6% 
 SnMO 2.03% 1.91% 2.7% 
 
S-21 Pb-Al-Si02 0.16% 0.73% 0.7% 
 Anglesite 0.16% 3.74% 0.7% 
 Brass 1.96% 0.05% 2.6% 
 FeOOH 92.02% 54.78% 5.0% 
 MnOOH 0.55% 1.55% 1.4% 
 PbMO 2.82% 35.18% 3.1% 
 Phosphate 0.31% 1.74% 1.0% 
 SnMO 1.17% 1.41% 2.0% 
 Fe Sulfate 0.86% 0.81% 1.7% 
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Table 3. Speciation summary for off-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
D03-dup FeOOH 45.77% 7.82% 10.6% 
 MnOOH 7.31% 5.94% 5.5% 
 PbCrSiO2 5.38% 10.82% 4.8% 
 PbFeOOH 4.42% 3.55% 4.4% 
 PbMO 9.04% 32.41% 6.1% 
 Phosphate 23.46% 37.41% 9.0% 
 SbMO 1.92% 1.20% 2.9% 
 SnMO 1.54% 0.53% 2.6% 
 Fe Sulfate 1.15% 0.31% 2.3% 
 
D0-3 Pb-Al-Si02 0.50% 0.64% 1.3% 
 FeOOH 46.82% 7.66% 9.1% 
 MnOOH 5.10% 3.97% 4.0% 
 PbAsO 0.25% 0.65% 0.9% 
 PbCrSiO2 6.69% 12.87% 4.5% 
 PbFeOOH 0.25% 0.19% 0.9% 
 PbMO 8.11% 27.85% 5.0% 
 PbTiO2 0.17% 0.69% 0.7% 
 Phosphate 28.85% 44.05% 8.2% 
 SbMO 1.42% 0.85% 2.2% 
 SnMO 1.25% 0.42% 2.0% 
 Fe Sulfate 0.59% 0.15% 1.4% 
 
S-20 Pb-Al-Si02 1.90% 4.65% 2.6% 
 Brass 0.54% 0.01% 1.4% 
 FeOOH 72.69% 22.67% 8.5% 
 MnOOH 2.45% 3.63% 2.9% 
 PbCrO4 0.68% 3.89% 1.6% 
 PbMO 6.39% 41 .77% 4.7% 
 Phosphate 6.25% 18.18% 4.6% 
 SnMO 5.16% 3.26% 4.2% 
 Fe Sulfate 3.94% 1.95% 3.7% 

INTERNAL DRAFT - For Discussio Only



Table 3. Speciation summary for off-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
S-09 Pb-Al-Si02 1.36% 2.71% 2.0% 
 Brass 0.80% 0.01% 1.6% 
 FeOOH 56.12% 14.26% 8.7% 
 Galena 0.16% 2.46% 0.7% 
 MnOOH 3.44% 4.16% 3.2% 
 Paint 7.99% 5.12% 4.8% 
 PbFeOOH 1.84% 2.20% 2.4% 
 PbMO 4.80% 25.58% 3.7% 
 PbSiO2 4.72% 14.09% 3.7% 
 PbTiO2 0.24% 1.54% 0.9% 
 Phosphate 10.31% 24.45% 5.3% 
 SnMO 5.20% 2.67% 3.9% 
 Fe Sulfate 1.44% 0.58% 2.1% 
 ZnMO 1.60% 0.18% 2.2% 
 
S-08 Pb-Al-Si02 8.22% 17.51% 5.3% 
 AsS2 0.57% 0.00% 1.5% 
 FeOOH 50.32% 13.68% 9.7% 
 MnOOH 1.20% 1.56% 2.1% 
 Paint 21.97% 15.05% 8.0% 
 PbMO 5.10% 29.11% 4.3% 
 PbSiO2 2.55% 8.15% 3.1% 
 PbTiO2 0.28% 1.94% 1.0% 
 Phosphate 3.90% 9.89% 3.8% 
 SbMO 0.21% 0.21% 0.9% 
 SnMO 3.83% 2.11% 3.7% 
 Fe Sulfate 1.84% 0.80% 2.6% 
 
S-07 Pb-Al-Si02 4.50% 12.40% 4.0% 
 Cerussite 1.30% 21.85% 2.2% 
 FeOOH 78.02% 27.47% 8.0% 
 MnOOH 1.00% 1.67% 1.9% 
 PbMO 2.20% 16.24% 2.8% 
 Phosphate 4.20% 13.78% 3.9% 
 SbMO 1.20% 1.54% 2.1% 
 SnMO 5.19% 3.70% 4.3% 
 Fe Sulfate 2.40% 1.34% 3.0% 
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Table 3. Speciation summary for off-site samples. 
 
 Phase F% %RM-Pb E-95%** 
 
S-06 FeOOH 48.31% 16.29% 8.8% 
 MnOOH 12.05% 19.33% 5.7% 
 Paint 8.38% 7.11% 4.9% 
 PbMO 5.41% 38.29% 4.0% 
 SbMO 3.37% 4.16% 3.2% 
 SnMO 18.90% 12.90% 6.9% 
 Fe Sulfate 3.58% 1.91% 3.3% 
 
 

**E-95% Counting error at 95% confidence limit on F% estimates, based on Mosimann, 1965. The reported errors 
serve only to remind the reader that when total particle counts are low, the observed frequency is in greater doubt. 
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Appendix C

El Paso Report Prepared by the LEGS Laboratory
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